Lambs (29 k 2.5 kg) were fed three diets at various intakes to determine whether diet composition or level of intake was reflected in changes in diet digestibility or ruminal fluid characteristics. In Exp. 1, a 90% concentrated, pelleted diet or a whole shelled corn diet with a pelleted protein supplement was fed at three levels of intake: ad libitum and 92.5 and 85% of ad libitum (n = 15). Exp. 2 compared the 90% concentrate diet with diets in which the energy density was diluted to 55 or 72.5% concentrate by including alfalfa hay as a possible method of restricting energy intake (n = 6). Lambs were adapted to diets for 13 d; feces were collected for 6 d and ruminal fluid was collected 0, 3, and 6 h after feeding on the day following fecal collection. Restricting intake in h p . 1 did not affect DM digestibility or digestibility of CP or starch. Digestibility of ADF was increased (P < .lo) by restricting intake. Ruminal fluid pH, ammonia concentration and VFA concentrations were affected little by either restricted intake level. Digestibility of DM was 4% higher (P e .001) and starch 5% higher (P < .001) for the whole shelled corn diet than for the pelleted, high-concentrate diet. Ruminal pH of lambs fed the whole shelled corn diet was higher and fluctuated less than the ruminal pH of lambs fed the high-concentrate, pelleted diet. In Exp. 2, diet digestibility was reduced (P < .01) and ruminal pH was increased (P e .002) by addition of hay. Restricted feeding of lambs did not seem to increase diet digestibility or alter ruminal conditions.
Introduction
Sheep grown usuaUy given ad maximize rate of for meat production are libitum access to feed to gain and, presumably, feed efficiency because maintenance cost is diluted. The most common difficulty with ad libitum intake is that daily intake may fluctuate greatly, resulting in digestive disturbances and potentially decreased performance in lambs fed high-concentrate diets. In studies summarized by Hicks et al. (1987) , restricting intake of beef cattle by an average of 8.7% below ad libitum reduced daily gain 5.2% and improved feed efficiency 3.2%. Glimp et al. (1989) observed a 20% improvement in feed efficiency of lambs by restricting intake to 92.5% of ad libitum. Rate of gain was improved by the restriction and accounted for much of the improved feed efficiency. Further restriction to 85% of ad libitum reduced rate of gain by 7%, but feed efficiency was improved by 7% compared with animals with ad libitum intake.
Old and Garrett (1987) observed a 20% improvement in feed efficiency by steers fed to gain 85% as fast as those fed for ad libitum intake. Anderson (1975) observed that bulls gained more efficiently when fed at 85% of ad libitum intake than when fed to an ad libitum level. We know of only one study that has addressed the question of improved digestibility (Old and Garrett, 1987) with restricted intake. But, steers in that study fed for ad libitum intake did not consume as much feed as animals fed for ad libitum intake in a performance study. The objective of the present study was to determine whether the improved feed efficiency of fattening lambs fed at restricted levels (Glimp et al., 1989) could be attributed to changes in diet digestibility or ruminal characteristics.
Materials and Methods
Two experiments were conducted concurrently. Experiment 1 was a study of the effect of restricted intake on apparent digestibility using the same diet as that used in a lamb performance study (Glimp et al., 1989) or using a whole shelled corn diet fed with a pelleted protein supplement. The second experiment measured digestibility of diets differing in forage level, as in the study of Glimp et al. (1989) , to determine why lambs fed the 72.5% concentrate diet gained faster than lambs fed the 90% concentrate diet.
Lambs used in this study were crossbred ewe and wether lambs out of Rambouillet ewes and sired by Suffolk, Finn, and Dorset rams. Lambs in each experiment were balanced across diets by breed and sex. Mean lamb weight at the beginning of the study was 29 kg (* 2.5). Lambs were shorn, dewormed5, and vaccinated against Closm'alum perfringens type C and D and tetanus6 at the beginning of the study. Lambs were placed in .8-m x 1.8-m pens with expanded metal floors and fed the appropriate diet once daily at 0830. Pens were equipped with self-waterers. A wooden frame covered with screen wire was placed under the expanded metal floor to collect feces. Lambs were initially fed the 55% %vomec, Mack and Co., hc., Rahway, NJ. concentrate diets for 6 d while being adapted to stalls and were then allowed 13 d to adapt to diets, followed by a 6-d fecal collection period. Each subsequent experimental period had a 13-d adaptation period followed by a 6-d fecal collection period.
Eight lambs in Exp. 1 were fed a pelleted, 90% concentrate diet (Table 1 ; PC) at ad libitum intake and seven lambs were fed a diet consisting of 90% whole shelled corn and 10% of a pelleted protein supplement (Table 1; WSC) at ad libitum intake during the first experimental period and digestibility was detedned. Intake of half the lambs on each diet was reduced to 92.5% of their ad libitum intake (determined in the final 10 d of the first period) and intake of the other half was reduced to 85% of ad libitum. For the third period lambs at 85% of ad libitum intake were subsequently switched to 92.5% of ad libitum intake and lambs at 92.5% of ad libitum intake were subsequently switched to 85% of ad libitum intake in a crossover design. Therefore, treatments are of necessity confounded with time, because animals were not fed for ad libitum intake in subsequent periods. This was necessary because we had to determine an animal's ad libitum intake prior to feeding an individual at a proportion of its ad libitum intake. Lambs were weighed before each experimental period. Restricted intakes were not adjusted for BW in the second and third periods. Lambs in Exp. 2 were fed either the 55% concentrate diet, the 72.5%. or the 90% concentrate pelleted diets (Table 1) In both experiments, ruminal samples were collected prefeeding and at 3 and 6 h postfeeding in each period the day after fecal collection terminated. Ruminal fluid was collected by stomach tube using a metal strainer similar to that used by Raun and Burroughs (1962) . Ruminal fluid pH was determined immediately using a glass electrode7 with gentle stirring on a magnetic stirrer. Five milliliters were pipetted into 3 ml of .25% 2ethylbutyric acid and 2 ml of 28% orthophosphoric acid for subsequent determination of ruminal ammonia and VFA.
Feces were dried in a forced-air oven at 65'C for 48 h and all samples were ground to pass a l-mm screen. Feed, orts, and feces were analyzed for CP by the Kjeldahl method (AOAC, 1975) and for DM by oven-drying 40 =Air dry basis (%). Diets were pelleted through a 6-mm die.
bAlfalfa hay (a) ground through a 8-mm screen.
'Corn (#2 yellow shelled) ground through a 8-mm screen, except whole for diet WSC. 'In Exp. 1, diet WSC, whole shelled corn, was fed at 90% and the pelleted protein supplement (PC) at 10% of the h~~ basis (%).
diet.
h at 95°C and ashed at 550'C for 4 h to determine ash. Acid detergent fiber was determined by the procedure of b r i n g and Van Soest (1970) and starch by the procedure of MacRae and Armstrong (1968) . Ruminal ammonia concentration was determined by a colorimetric procedure (Beecher and Whitten, 1970) . Ruminal fluid was centrifuged at 16,000 x g for 15 min, filtered and analyzed for VFA by gas chromatography using a SP 1200 column8 (Ottenstein and Bartley, 1971) . Experiment 1 was analyzed as a split-splitplot design. Diet in the main plot was tested using animal within diet as the error term. Level of feeding in the subplot was tested using animal within level by diet as the error term. For rumen parameters, time of sampling and the interaction with diet and level of feeding were tested using the residual error. Experiment 2 was analyzed as a 3 x 3 Latin square. Rumen measurements were tested as a 'Supelco, Inc., Bellefonte, PA.
split-plot in time. Data were also tested for a time x diet interaction. Least squares means were used because of missing values. Orthogonal contrasts were used to detect differences in diet, level of feeding, and time of sampling. Statistical analyses were performed using the SAS (1985) GLM procedure.
Results
Experiment I . Eight lambs were assigned to the pelleted concentrate diet, but data from one lamb were deleted for low intake in all three periods (56% of the other lambs' intake). One observation was deleted because of lamb sichess and one observation was deleted because the lamb was fed at the wrong level. One lamb died of unknown causes during the third period of the study, but the animal's data from the first two periods were used. Intake was numerically greater for lambs fed the pelleted diet than for lambs fed the WSC diet ( Table 2 ). The actual intake restriction was 88 and 86% of ad libitum. Intake as a percentage of BW and the degree of intake restriction were similar to that observed in a previous study in which animals consumed diets of identical composition ( G h p et al., 1989) . Ad libitum intake was similar to that predicted by the NRC (1987) (84 vs 86 glkg.75). Intake of NE&g BW was 66 and 63 kcal for diet PC and WSC, respectively, compared with 56 kcal in the study of Glimp et al. (1989) .
Dry matter digestibility coefficients were greater (P < .001) for the WSC diet than for the PC diet. Digestibility of DM was virtually identical for the three levels of intake. Digestibility of ADF was greater (P < .001) for the WSC diet and was greater (P < .OS) for lambs fed at restricted intake levels. Starch digestibility was greater (P < .00l) for the WSC diet than for the PC diet, whereas digestibility of CP was similar for both diets. Digestibility of CP and starch were unaffected by level of intake. However, there was a diet x level interaction (P < .09) in that CP digestibility of the PC diet was similar for all levels of intake (71 vs 71 vs 69 for ad libitum, 92.5 and 85% of ad libitum, respectively), whereas digestibility of CP was lower for the WSC diet fed ad libitum compared with restricted intake (65 vs 75 vs 75%). Digestibility of ash was not affected by diet and decreased (P < .002) with intake restriction.
Restricting intake had minimal effects on ruminal metabolites (Table 3 ). Mean ruminal pH was similar for both diets across all levels of intake. Ruminal ammonia levels were similar for all levels of intake. Concentrations of individual VFA, molar percentage VFA, and total concentration of VFA were not sigmficantly affected by level of feeding.
Ruminal pH was substantially reduced (P c .001) with time after feeding (Table 4) it associated with a time of sakpliig x diet interaction (P < .001) in that ruminal pH of the $ PC diet was decreased by more than one pH a unit at 3 and 6 h postfeeding compared with 2 prefeeding pH (6.23 vs 4.98 and 5.08), 8 S whereas ruminal pH actually increased slightly 3 h postfeeding (5.76, 6.06, and 5.62) for the -3 4 g n 9 .9 WSC diet. There was a time of sampling x ,, ; feeding level interaction (P c .001) in that ; ; prefeeding pH was higher with restricted -feeding, similar for all levels of intake at 3 h 8 3 postfeeding, and slightly lower for restricted feeding at 6 h postfeeding than for ad libitum intake. Ruminal ammonia concentration was ax x not significantly affected by diet, time of sampling, or level of feeding.
Most ruminal VFA concentrations were affected little by diet or level of feeding, except for a greater (P e .lo) concentration of total VFA for diet PC (Table 3) . Molar proportion of acetate was greater (P < .lo) and molar proportion of propionate lower (P e .05) in diet PC than in the WSC diet. The molar proportion of acetate and butyrate were increased (P < .lo; P c .002) slightly for both diets after feeding, whereas the molar proportion of propionate and valerate were changed little ( Table 4 ). The molar proportion of isobutyrate and isovalerate decreased (P e .001; P .001) with time after feeding. There was a diet x time of sampling interaction (P c 401) for the molar proportion of isovalerate, which decreased for diet PC with time after feeding (3.31, 1.32, and 1.48 moVl00 mol), whereas the molar proportion for the WSC diet changed little with time after feeding (2.94, 2.16, and 2.59 moVl00 mol). There was also a time of sampling x level interaction (P .002) in that lambs given restricted-fed diets had higher proportions of isovalerate prefeeding (3.4 vs 2.7 moVl00 mol), whereas restrictedfed animals had lower concentrations of isovalerate at 3 and 6 h postfeeding (1.67 vs 1.96 and 2.0 vs 2.16 moVl00 mol, respectively). Total concentrations of VFA for diet PC nearly doubled from prefeeding values (55 vs 116 and 108 mM), whereas concentrations changed little for lambs given diet WSC (74 vs 83 and 79 mM). Thus, there was a diet x time of sampling interaction (P e .001). Total concentrations of VFA were affected by an interaction between time of sampling and level of feeding (P < .005) in that restricted-fed lambs had lower total concentrations before feeding (72 vs 69 and 54 mM for ad libitum, 92.5 and 85% ad libitum, respectively), higher concentrations at 3 h postfeeding (89.8 vs 102 and 105 mM), and similar concentrations at 6 h postfeeding (94 vs 94 and 96 mM).
Experiment 2. Data from one lamb were deleted because of low intake (53% of other lambs) in the third period. Intake was greater (P e -001) for the lower-concentrate diets ( Table 2) . Intake of NE, was greater for the 55 and 72.5% concentrate diets than for the 90% concentrate diet (2.22, 2.38, and 2.09
McaVd respectively). A similar response was previously observed with the same diets (Glimp et al., 1989) . It seems that lambs attempted to compensate for the reduced energy concentration of these diets. Dry matter digestibility for the 90% concentrate diet was similar to that observed in Exp. 1. Dry matter digestibility of the 90% concentrate diet was greater than for the 55 and 72.5% concentrate diets (P < .001). Digestibility of CP was lower (P e .lo) for the lowerconcentrate diets. Starch digestibility was greater for the higherconcentrate diets (P < .001; P < .002), and ash digestibility was not affected by concentrate level.
Ruminal pH was lower for the higherconcentrate diets (P c .002; P < .02; (P < .01; P < .001; P < .all) postfeeding,
Discussion
Lambs in this study were not in stalls, but were in pens where they were free to move around. This enabled us to achieve levels of intake comparable to those observed in production studies. The greater intake of the PC diet than of the WSC diet eable 2) can be attributed to the effect of pelleting, although it had a greater level of roughage (0 vs 9.1%). Anderson and Butcher (1975) have reported similar increases in intake of sheep diets with cubing. The lack of change in diet digestibility with level of intake is consistent with a recent study in which animals were fed at 2.5 x maintenance (compared with 2.9 x NE, in our study; NRC, 1985; Old and Garrett, 1987).
However, more severe restriction of intake to 70% of ad libitum (0rskov et al., 1969) or to maintenance (Moe and Tyrrell, 1977) has been shown to increase digestibility coefficients for most dietary constituents. Robertson and Van Soest (1975) observed significant linear decreases in digestibility of sheep with increasing energy intakes of 1 to 2 times maintenance. Bines et al. (1988) observed no decline in digestibility with increasing intake with lambs, but with lactating cows the digestibility of 75 and 90% concentrate diets was actually increased as intake increased from 2.63 times maintenance to 3.07 times maintenance. Diets were given to cows for a 36-wk period in this study. Animals may be able to adapt to higher levels of intake, but a longer period than is commonly used in digestion studies may be required for the adaptation.
Dry matter digestibility of the WSC diet averaged 5% greater than that of the PC diet ( Table 2) . Part of this difference in digestibility could be attributed to the forage content of the pelleted diet. The greater digestibility of the WSC diet would almost completely mitigate its slightly lower intake. There was a tendency for an increase in digestibility of ADF with restricted intake of diets PC and WSC. Restricted intake probably enabled the residues to be retained in the nunen longer for greater extent of digestion. However, the practical benefit of this phenomenon is minimal with these diets because they contained less than 7% ADF. The higher digestibility of ADF observed for the WSC diet could be attributed to the higher and more stable ruminal pH observed on this diet, similar to the findings of 0rskov and Fraser (1975) . Low ruminal pH has been shown to decrease fiber digestion in vivo and in situ (Mould et al., 1983). 0rskov and Fraser (1975) observed a decrease in digestibility of ADF when barley was pelleted compared with whole barley.
Starch digestibility of the WSC diet averaged four points greater than for the PC diet, accounting for half of the increased DM digestibility of this diet (Table 2 ). In data summarized by Theurer (1986) , starch digestibility of corn processed by various methods fed to lambs was 99%, but animals were all fed at 1.5% BW. 0rskov et al. (1969) reported a 98% digestibility for corn processed by several methods and fed with ad libitum access. There is little information on starch digestibility of whole shelled corn fed to lambs with ad libitum access. It is unknown why ash digestibility tended to decrease on diet WSC and PC as intake was restricted (Table 2) .
Ruminal pH observed for the WSC diet (Table 3 ) was similar to that observed by Koeln et al. (1985) . The greater ruminal pH for the WSC diet than for the pelleted diet is very similar in magnitude to that observed by 0rskov et al. (1974) for whole and ground corn diets. Ruminal pH was rather low postfeedjng for lambs given the PC diet (Table  4) , but lambs had been adapted to the diets for a period of time and the diet contained an ionophore. In addition, there was not a depression in concentration of VFA that accompanies acute acidosis (Muir et al., 1980) .
Ruminal fluid concentrations of VFA were affected little by level of intake (Table 3) . Galyean et al. (1979) observed minimal effects of level of feeding on molar percentage or total concentration of VFA, and Ibrskov et al. (1974) observed minimal differences in proportions of VFA between diets containing whole shelled corn or pelleted corn, similar to Ruminal pH decreased by .3 units postfeeding for the WSC diet compared with the PC diet, in which the decrease in pH was greater than 1 (Table 4) . This greater change in pH was also accompanied by a much greater change in total concentration of VFA. Ruminal ammonia was in general low for these diets, consistent with the low dietary protein content (11.3 and 10.7% CP) and high energy content of the diet, which stimulated microbial synthesis to utilize available ruminal ammonia levels. Lambs fed the WSC diet had a much more even ruminal fermentation that those fed the PC diet, as indicated by smaller fluctuations in ruminal pH and concentrations of VFA. This indicates that diets based on WSC would be less likely to cause digestive disturbances.
Net energy values of diets containing the three different concentrate levels calculated from digestibility using equations from NRC (1985) and Rattray et al. (1973) Glimp et al., 1989) for diets fed with ad libitum access. Values calculated from digestibility for the 55 and 90% concentrate diets agreed with values calculated from the NRC ingredient tables. NE, for the 72.5% diet was 7.4% lower than that calculated from the NRC tables, indicating that our digestibility was slightly low for this diet. We do not feel that this is a negative our findings. associative effect because the value calculated from animal performance closely matched the values calculated from the NRC tables (1.88 vs 1.89; Glimp et al., 1989) . The lower starch digestibility observed for diets containing higher levels of roughage is consistent with observations by Cole et al. (1976) that higher levels of roughage reduce starch digestibility in the intestine and in the entire tract in steers.
Therefore, we reject the hypothesis that the improved feed efficiency observed by lambs whose intake is restricted can be attributed to changes in diet digestibility or ruminal characteristics. Restricted intake did not reduce the drop in pH after feeding. The mechanism for improved feed efficiency with restricted intake must lie elsewhere. Possibly, a reduction in the size of the liver and(or) the small intestine reduces the maintenance requirement of the animal (Baldwin et al., 1980) . Also, the efficiency at which energy is metabolized may be affected by the differences in feeding patterns (lambs on restricted intake regimens tend to consume the majority of their feed within 4 h of feeding, whereas animals given ad libitum access to feed consume feed throughout the day) and the concomitant postprandial changes in hormone levels. Ferrell (1988) and Koong et al. (1985) have shown that animals fed at high levels have higher liver and small intestine weights than animals with lower levels of intake. Animals on the high intake regimen also had higher mainte nance energy requirements. It has not been proven that animals under mild intake restriction, as in our study, have lower liver and small intestine weights or lower maintenance requirements, but this is an attractive hypothesis. The alteration in postprandial gastrointestinal hormone patterns with restricted intake regimens may reduce hypertrophy of the small intestine and liver or turnover of these tissues. The mechanism can be speculated on, but remains to be elucidated.
Implications
This study confiis that the mechanism by which restriction of feed intake improves animal performance is not increased diet digestibility. More basic studies will be required in the areas of metabolism, energetic requirements, and hormonal changes associated with feed consumption. The whole shelled corn diet resulted in a more stable ruminal fermentation, which should reduce the risk of acidosis for animals given highconcentrate diets. . 1975 . official methods of Analysis (12th Ed.).
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